Purpose Microbial pathogens can lead to health problems and disease transmission. Present study aimed to evaluate the microbial quality and quantity of vermicompost production and to compare to the current Iranian standards to protect public health and environmental concerns. Method This is a pilot-scale experimental study conducted in the Public Health laboratory of Shahid Sadoughi University of Medical Sciences. The samples included organic municipal solid waste, cow manure and wastewater treatment plant sludge which are used for vermicompost production. The samples are mixed as cow manure-organic waste and cow manure-sewage sludge in two reactors. Microbial tests such as fecal coliforms (FC) and parasite egg (Ascaris) were carried out during start, processing and curing time with duplication analysis in 56 days. Totally, a number of 128 samples was analyzed. Analyses were conducted according to standard methods. Data analysis was conducted through one-way ANOVA and Duncan tests.
Introduction
Due to various agricultural, industrial and restaurant activities in different sectors, lots of organic wastes such as animal manure, sewage sludge, food waste and industrial organic waste are produced. These wastes are disposed by scattering on land surfaces, burning or burial which have the potential to increase global water and soil pollution. Approximately, 50-60% of the buried disposed waste is composed of organic waste material (Edwards et al. 2010) . The continuous increase of waste production has led to the innovation of new approaches which are environmental friendly. Also, conversion of waste into useful materials, compost and vermicomposting can be noted among these methods (Mohammadi et al. 2012) .
The nurturing of earth worms in organic waste and its processing to produce fertilizer from waste is called vermicomposting. As a result of organic waste by earth worms, vermicompost comes to successfully convert such wastes as wastewater treatment sludge, dairy plant waste, food waste, municipal waste, paper waste and animal waste into fertilizer. Vermicompost is the result of waste decomposition through the interaction of earthworms and microorganisms. Even though microorganisms are mainly responsible for decomposition, earth worms increase microbial activity and changes in biological activity by increasing the contact area (Domínguez 2004) .
Vermicomposting is not widely used, due to lack of information about reducing human pathogens in this process. Composting process is exploited in the thermophilic phase, but vermicomposting is exploited in the mesophilic phase in which the temperatures should be kept lower than 35°C to prevent the worms dying.
According to the standards set by the Environmental Protection Agency (EPA) to reduce pathogen up to a safe level for use, the compost pile should be exposed to the temperatures of 55-70°C for 72 h. So the question is arisen that at the temperatures lower than the standard temperature, like vermicomposting, does the pathogen reduce to a safe level? (Edwards et al. 2010) . Several reports have shown the reduction of pathogen to a safe level in the vermicomposting process under specific processing conditions. The first reduction of pathogens was reported by USEPA (1999) where pathogens are reduced by passing biological solid waste through the worm intestine.
Furthermore, Eastman et al. (2001) report a significant reduction of FC and salmonella, studying vermicomposting municipal wastewater solids. Also, Contreras-Ramos et al. (2005) show decrease of pathogen in the vermicompost of cow manure. Monroy et al. (2009) report a reduction of 85-98% for total coliforms in the process of pig manure vermicomposts. Moreover, Liu et al. (2009) report a decrease of Escherichia coli O 157 :H 7 bacteria in artificial soil vermicomposts. Rodríguez-Canché et al. (2010) , find a decrease of pathogen in the process of septic tank sludge vermicompost. Aira et al. (2011) also report a significant reduction in pathogen through the process of cow manure vermicomposting. Hill and Baldwin (2012) show a decrease of coliforms in toilet vermicomposting. Hill et al. (2013) report the effects of vermicomposting on reducing the number of Ascaris eggs. In a study that was conducted in 2015 by María and Gómez-Brandón (2016) , entitled ''effects of digestate on soil chemical and microbiological properties: a comparative study with compost and vermicompost'', the results show that FC and E. Coli cannot be identified in 60 days.
Organic fertilizers are beneficial as they maintain and improve the structure of soil nutrients, however, if the microbial pathogen and pathogenic factors are present, they may lead to health problems and disease transmission. For this reason, evaluating the number of pathogens is necessary prior to using vermicompost in soil. Thus, this study aimed to evaluate the microbial quality of the produced vermicomposts and to compare them with existing Iranian standards to use the results for maintaining public health and also to ensure a step towards the use of vermicompost.
Materials and methods
This was a pilot-scale experimental study conducted in the laboratory of Yazd school of health to produce vermicompost from: (1) perishable organic waste, such as food waste and fruit and vegetable leftovers, (2) cow manure, (3) wastewater treatment plant sludge, the combination of cow manure with organic waste and municipal sewage sludge in equal proportions in two separate reactors with dimensions of 15 9 30 9 50 cm.
The terms of operation on the pilot included a period of 8 weeks, aerobic conditions and an ambient temperature of (30 ± 5°C). Also moisture content range was 75-85% controlled by addition of water or aeration.
The Eisenia fetida worms were used to produce this vermicompost; a number of 1000 worms was available into each reactor. Determination of the microbial quality was carried out in early stages, during the process and on the final product. These tests included determining the most probable number (MPN) of FC bacteria and parasite eggs (Ascaris) of which the A 1 Medium for FC and zinc sulfate were used for identifying parasite eggs, respectively (Association et al. 1915; Forbes et al. 2005) .
After preparing the desired culture environments, 5 g of the sample was inoculated on a peptone water nonselective liquid enrichment broth and then was placed in an incubator shaker for 5 min at a temperature of 25°C and then in an incubator at 37°C for 16-20 h. The nine-test tube fermentation method and A 1 culture were used for identification of the fecal coliforms; the test was also carried out using the multiple test tube fermentation method with three dilutions including 1, 0.1 and 0.01 under bain-marie conditions and serology with 41.5°C temperature for 20-24 h.
For the test of parasite eggs detection, initially, half a test tube was filled with zinc sulfate solution. After transferring 1 g of the sample into the test tube, the suspension was prepared. The above suspension was passed through a two-layered filtrate and the filtered solution was returned to the test tube. Zinc sulfate solution was added to the test tube as long as a distance of 2-3 mm from the solution to the surface of the test tube opening was achieved. After centrifugation at a speed of 3000 rpm for 1 min, a loop from the zinc solution was obtained and added onto a slide containing a legal solution so that the identification process could be carried out under the microscope.
To evaluate the effects of treatment on the number of coliforms from the analysis test, one-way ANOVA and Duncan test were used, and a value of 0.05 was considered as sig.
Results and discussion
Given the results, there was a significant decrease in the number of FC in cow manure-organic waste so that the number of FC reached 800 from 350,000 MPN/g in the raw sample within 8 weeks (Fig. 1) . In case of the raw samples, FC of cow manure-sludge was also significantly reduced pursuant to the data obtained. In this regard, the number of FC reached 2400 from 6,500,000 MPN/g within 8 weeks (Fig. 2) .
In accordance with the Figs. 3 and 4, the mixture of cow manure-sludge and cow manure-organic waste had the highest parasite eggs (22/g) in the raw samples; this amount was completely removed in the second week via the vermicomposting process.
The physico-chemical properties of the raw samples are shown in Tables 1 and 2 including moisture, nitrogen, organic carbon (OC), pH and electrical conductivity (EC). The moisture content of organic waste had a noticeable difference to the cow manure and sewage sludge; however, other parameters showed no significant difference.
Removal of pathogens from such wastes as cow manure and sludge of wastewater treatment plant may be used for soil amendment which is very important in preventing the spread and transmission of disease. Vermicompost is able to remove significant amounts of pathogens. The passing of different treatments through the earthworm gut affects the microbial population in different treatments. Reduction of the number of pathogens in the vermicomposting process depends on different factors such as worm gut enzymes, coelomic fluid secretion (which has antibacterial properties) as well as the competition between different groups of microorganisms (Edwards et al. 2010; Hait and Tare 2011) .
In the study of Monroy et al. (2008) on reduction of the density of nematodes, protozoa and FC by passing through earthworm intestine, results show a significant reduction of nematodes and FC and these results are consistent with those of present study. Reduction in the number of nematodes may be due to the fact that they are a part of the earthworms' food; it may also be due to proteolytic enzyme activity to eliminate nematode and pathogens (Monroy et al. 2008) . In this study, the highest coliforms removal in the cow manure-organic waste and cow manure-sludge, occurred in the week 3; however, the same result was seen in the week 2 by Monroy et al. (2009) , showing the greatest reduction of coliforms in pig manure by passing through earthworm. This result is inconsistent with ours maybe due to differences in type of treatments or conditions of Fig. 1 The trend for the number of FC cow manure-organic waste during the 8 weeks (log 3 is shown, the FC standard in class A compost of Iran) Fig. 2 The trend for the number of FC cow manure-sludge during the 8 weeks (log 3 is shown, the FC standard in class A compost of Iran) Fig. 3 The trend for the number of parasite eggs in vermicompost produced of a mixture of cow manure-organic waste within 8 weeks (number 1 in the figure shows the standard rate of parasite eggs in class A compost of Iran) vermicomposting. Also results show an increase of coliforms after the week 4 which may be due to lack of proper food for the earthworm as well as moisture content (Monroy et al. 2009 ). Another study with results consistent to those of present work is Lui (1982) where a reduction of 98% of pathogens was seen in 17 days while the vermicomposting process (Edwards et al. 2010) . Also, Rodrí-guez-Canché et al. (2010) report reducing septic tank pathogens by vermicomposting, showing a significant reduction in the number of pathogens that is in line with results of present study. Bowman et al. (2006) studied the impact of vermicomposting on the removal of parasite eggs, indicating low capability of vermicomposting in parasite egg elimination. This result is inconsistent with that of present study which may be due to differences in the conditions of the vermicompost process or laboratory conditions. One-way ANOVA showed the average FC at least for one of the weeks. In doing so, Duncan test was used to assess the details. The Duncan test results showed that there are significant differences between the raw sample and the product of week 8 (p \ 0.001). According to the statistics of the Log number of FC for raw sample in different weeks, the mean log FC was found in the week 8 with a difference of 95%. Therefore, at the end of the eighth week, FC reached the standard level.
In a study carried out by Aira et al. (2011) to reduce pathogens in cow manure, results showed that the reduction of FC does not meet EPA standards which are inconsistent with results of present study probably due to differences in the vermicompost system or laboratory conditions. Accordingly, Subrataitail reported that in the final product of vermicompost derived from primary wastewater sludge, pathogens significantly reduced and were lower than the standards set by the USEPA which is consistent with those of present study (Hait and Tare 2011) . In another study by Contreras-Ramos et al. (2005) , no parasite egg was detected and the number of FC significantly decreased after 60 days; this result is consistent with that of present work. In a study conducted by Edwards et al. (2010) , results showed that the number of FC in the vermicompost process significantly reduced during 7 days; these results were parallel with those of present study. Furthermore, their results show significant decrease of parasitic worms after 3 days of vermicomposting (Edwards et al. 2010) ; these results are consistent with those of present study. Eastman et al. (2001) indicated a significant reduction of FC after 7 days of vermicomposting, which is consistent with present study. In addition, the number of parasitic worms significantly reduced after 3 days which was also Fig. 5 Changing, the number of FC according to the week, and type of treatment. CG cow manure-organic waste, CS cow manurewastewater treatment sludge consistent with present study (Eastman et al. 2001) . Finally, estimated marginal means of Log coliform was shown in Fig. 5 which presents changed number of FC according to the week and type of treatment.
Conclusion
The results of this study showed that vermicomposting can be used as a suitable method to transform perishable waste into fertilizer which is usable in agriculture. Earthworms have a great ability to reduce pathogens without the need of increased temperatures and the final product in terms of microbiological quality is placed as class A compost.
